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Soil microplastic pollution and distribution characteristics in a typical cotton field in northern Xinjiang , China
SUN Xia"?, GOU Yanru', YAN Han', TANG Qingfeng”, YANG Zailei"?, JIA Hongtao"*

(1.College of Resources and Environment, Xinjiang Agricultural University, Urumqi 830052, China; 2.Key Laboratory of Soil and Plant
Ecological Process, Xinjiang, Urumqi 830052, China; 3.Institute of Analysis and Testing of Beijing Institute of Science and Technology
(Beijing Physical and Chemical Analysis and Testing Center), Beijing 100089, China)

Abstract: In order to study the soil microplastic pollution and distribution characteristics in typical areas of cotton cultivation in northern
Xinjiang, in April 2021, we collected soil samples from different depths (0-10, 10-20 ¢m, and 20-30 cm) from a field that had been
subjected to film mulching for different lengths of time (0, 5, 10, 20 years, and 30 years). Analysis of the samples revealed that the
abundance of microplastics in the soil of the cotton field ranged from 1 565 items-kg™" to 3 560 items - kg™, and showed an increasing trend
with a longer period of time under film mulching. The degree of correlation between the amount of agricultural film mulch and the
abundance of microplastics gradually decreased, whereas the degree of correlation between the abundance of microplastics and the amount
of agricultural film mulch in the 10-30 c¢m soil layer was high. There were four types of soil microplastic, namely film, debris, fibers, and

foam. The microplastics differed in color, with transparent white, black, and yellow being the most common, accounting for 69.02%,
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14.78%, and 6.49% of the total microplastics, respectively. Other colors contributed to the remaining 9.71%. The size of microplastic

particles decreased with an increase in coating life, with the largest fraction being those microplastics with particle size of <0.5 mm.

Analysis of random samples using Fourier attenuated total reflection infrared spectroscopy revealed that the main components of soil

microplastics in the study area were polyethylene (45% ), polypropylene (20%), and polyamide (16%). The soil microplastic pollution

index for soils subjected to film mulching for a different number of years ranged from 1.70 to 2.57, which increased with an increase in the

length of time under film mulching. The microplastic pollution load index in the study area reached 2.09, indicating that the microplastic

pollution had reached a severe level. The findings of this study reveal different extents of microplastic pollution in the study area, and

accordingly the ecological risks posed by microplastic pollution should be assessed.

Keywords: cotton field in northern Xinjiang; soil microplastic; distribution characteristic; ecological risk
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Figure 1 Distribution characteristics of soil microplastics abundance under different years of mulching
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Table 1 Correlation analysis between the years of mulching and

soil microplastics abundance
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Figure 2 Colors distribution of soil microplastics
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Figure 3 Main shapes of soil microplastics
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Figure 5 Particle size distribution of soil microplastics

OB R G B TR L 2~1 mm R AR A GO R Y L
Wit . 2o, 5~2 mm RIS RO RLZE B O a B
Fof B, o 6.46% , 8 I 20 a I R A%, 9 3.94%; 2~1
mm R (IR A E B I S a i (5 Fe A, M 18.52%,
W10 abf (5 He AR, S 10.79% 5 1~0.5 mm RiA2 F
FHRHE AR 30 a B 7 e, o 26.02% , TEBE L O a
B 5 H A, 16.97% 5 <0.5 mm K743 1 s 58 R e 78
10 a iF 5 Fo e i, M 65.72% , TE B 5 a ik 5 o ik
18,4 51.55%,

ANTF] A 2 R BE O R R AR A3 Al AN ], D5 R
£ 0~10,10~20,20~30 cm + 2 SO RPR AR 2 B /)N
HP/IRAR (ST mm) S8R 205 1, 4% B2 22
SR <0.5 mm KR OB RSt R4S
2 ) & 43 9 R 60.73% . 60.31% . 56.66% , 1~0.5
mm AR (R FLIR 2, 5~2 mm R AR B8R} EE

i) 5 I, A6 45 )2 H i b4 R 6.45% .5.92% |
2.70%. WE# LJZHI3E 0, 5~2 mm F1<0.5 mm FifE Y
TR S FLZ T T R
2.3 TIERMERIRIE
2.3.1 IR RO AIE
BRI R R R R (E6) , AR FRTEAR
(AR R L TR 30 25 ASAH ], 2 TR RS A 2 A R
AR, b 2 1E 3 QR s LB SO AR, &
6a Fl & 6b f 7R , £F AR T R TR E 48, 2Pk, T
WSS F AT AR Z (3 1 2, A VT 22 W B 1 R4
Jio & 6c FIE 6d R R kL, R H0F 48 AR
N, 32— R KAGIR AR B S, A1 2 Ml FI YR
H M FIREAE TRV Z W 24 A AL, AR I i e e i 7
AEARZ ORI, I B R TER R T —LEff 3 i 0k
YIIAEAE . &l 6e T 6f by T IR 08 ), 2 T HL

a. TYEAS b LT YR 5o R A0, L BE R 20T s e SRR A0SR0, £ IR AN 39 5 o RV AR, . RV

a. Fiber,b.Fiber details; c. Debris, d. Debris details;e. Film, f. Film details;g. Foaming, h. Foam details.

Elo &RRMERREPRHEEE

Figure 6 SEM view of different shapes of microplastics
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Figure 7 Infrared spectrogram of soil microplastics

www.daes.org.an



nEs>"®

VRETR Rt Y FA3EFE 3

(FJEIYL) B 0 a M 75 e Bum Ak, O 1.70 (&
150 ) , WA [R] 3 AR BR A BR 58 XU AF A 22 5% .
BT AL SRR X SRR PLISE E0C 2.09,
JLsEAR XN OB RS R C IR E

3 g

ASBIFFEAE AL SRR DA [ 2 TR B e AN [ B JB A
FIR AR FH L9 A 00 1 T R, X 2% DX B
e IR AL . TR 32 D B RO R
JRE 0 o T T 1 e AR A R R v g A RO
Huang 552752 A B+ S ROBRL 1Y) =F J3E Bt 3 1 22 Y
M R T N, 45 2R S AT — B AT,
BEH 12 DRI (R30S R = JE T2 i/ )N | I 5 I 28
PraFPIm e 4 R — 8. RO AT A B, IR [R]
AERR EORE, WA B IREAT B A R ) (0 i
TR 1 S IR R 2 W R AT, I s B0 i U1 IR A
7 L I JSURE SR 2 0 Bt A T ) 384 < A 1 8 o o i
fi, BZE L AAFEA S LR 2w, LR
¥ PR Ml Bl FH 5 0~10 em 1 JZ U8R
JEE SRR, 5 10~30 em + 208 RLF B DGR
AT BB SR A S b DX AR FH A AR FR AR IS, P X
JE D 52 >20 a, T HLBT S8 AR TR Z22R R BB,
FEAE TR 75 5) s OPF M TR BE 0K, = R Ay
o AR LR AR L Z B sl S 80k
JZ LSRRI T S A £ R s Ak A - S A
EAZiIL NPy

FFE XA S L 4RO =, (HBEE B
FREAF BIR AR HE 0, TR AR 7 23 LU B e X5
B AWFFE 4 R— 2, 1 R 3 rp R BT A
PRI I et oK, IR 5 4497 AT BLE
OE VIR 25, 1 0] fE -5 KU A A
s P R St JE S B AR A B A S T PR L FR e
AT BB b SR THT T A Y 14 58 AN B XU B A i
SR o ADTFERE R WFFE DA S e o ki
bt )2 R R P 8 o i 32 4 9/, Hu S50 )
TR ZEIE , DY A T 3 vh (R A B - s
foly B RE LA . R)Z L R/ VRIS
Pl B2 By WG A - 30K 432l - R 2 ) i i i
PR L HETRAEE, AN, BT AT A B R R A
O A S S AR RO R AR/ N R
WA Dy B ISR Wi AT B8 A —E i AR
PP PRt , AR SRe RNJn5ik - SEBRIE /RS Gl RL 23
Aii B HET5 Y e AR 55 18] IS o

P 1%) WHARTY

Huang S5 5 & BRI R 26 1A 2R SORIALER,
B Y i 14 W B ) LA ed ' 4 Al s S R 4y
i SOBURDIR A LY o OB SR A VF 22 LB,
F R A B R A LTS YW 3R] BE XS PRI i A
RS , TR SRR 14 5 B E 77 2 IR AN SR e A 3t
[l PR 9P (R B 2 I [ A KA, 27
PR AR | Bsf T4, KRS 7 B B ™ ., 5 e )
FIR B AR DR A 7 32 T AU S KA I R IR e
BB ETEGE o RIS O TR, H B
I, A, IO R 28 5 K I TR] 258 PR IR A %
B I A, 2 RS A JSE R, DT W82 95 e 9 114
RE I IZ W85 o PRI HP A R 28 5 S XA S
b AT A RS AT RE 22 AR R A, IR, TR
SN RALIE St R REE AT ST

A ) e B i DR S R B Bkt 1
SRR F B R X R R C T REIR PR &
P 2SR 1 Gl R (EAS IS Hp-fil R 3 2 A AR T 13
LS 24 AR N AR B A SR O 32, I 22 55 T
REE AR T AN [R] B AT 50 v B B 2 B0 S R 1 20
PRI 225, LA B Ui i ad i P A (] 4 B 1 BB
AR o i, B RIE5 h  SE  RCIER Y 2 B B
— GG BT A0 3 R E A Lo g, A,
ST IR i 738 S o M 05 IRl , AT ROt
SIS U R, BRI BRI 25,
MR X FEAS [) 2 RGO A il s 28 58 v 1) 23 A1
e A R PRI XS

TR S Gt 45 KR I, LSRR DX N 2%
AR PR e 2 BRI RR B A T5 3% A X 5 e AR
JE CLIRE LG e, 30 IR SR X - S AR SR A
AR A —E U o TR AT RN | LR TETR
KA 1, 5y 5 oAb A LTS Qe IE s & 15 Gl
IR AE SR DX S 98 B AR AL b AR R, R
PBHR 2 TR, AR A S R GUIR S5 FIAR AL &
J3 i —RE SN, 5 A Bl AR 25 KU , 4 J AN %o 1%
DXl AT e (R DK i A 5 KU A A

4 ZEig

(1) b SR X A 358 v OS2 B2 L R 1 566~
35617 ke, W5 7 AR PR A 3G ) = B S BT
s, HARME B2 (P<0.05) (kL R 2T
JEE CR IR I 220 ek /) o B A 7 PR PR P 38 o, b B 1y
i1 FH 5 O AR = B 19 DG IBK B 2 TR A1, 10~30 em +-
JZ SR SR = 5 %) fofF ) o TR 1



N, A AL IRAR DX SRS YR B 3 A 579

(2) At AR X L R R 32 B AT HERSEIR
IR AR R AR IR, 7E 0~30 em {5 Bl X 4 R IR
TSR B A5 L2 AR S v 5 T AR A 2 B 465 1 £
BT RS LA AT O R AR bl 7 R AT
FEL 1 H0 T 06/ )N, B4R <0.5 mm B TR 5 He g ok, HL
HpEE T2 TR S sl

(3) At EE A X T i L 32 R By SR THDRELRE
SURE , H AR, FRimdae b Je e g T 4%
WO S 2% JOT , Tl HE R 2R T R R v

(4) T ARG Y 47 oy 1 2R T, LSRR X N 451
P MRAE PR - 98 38 32 BN [R) AR B T G A XN TS
LR ORI X IR O RS e 1 iy 4R AU R
TG EEM.

SE k-

(1] W edes, R, P s, 55 . ORbx e I L e A2 iR AT e R
KRG M. T = AMBIL, 2020, 61(2):26-28. LEIX T, LEIL ]
Y, ZHOU L N, et al. Status and analysis of study on effects of micro-
plastics on farmland soil quality[J]. Ningxia Agriculture and Forestry
Technology, 2020, 61(2) :26-28.

[2] NUELLE M T, DEKIFF J H, REMY D, et al. A new analytical ap-
proach for monitoring microplastics in marine sediments[J]. Environ-
mental Pollution, 2014, 184:161-169.

[3] LAHENS L, STRADY E, KIEU-LE T C, et al. Macroplastic and micro-
plastic contamination assessment of a tropical river(Saigon River, Viet-
nam) transversed by a developing megacity[]]. Environmental Pollu-
tion, 2018, 236:661-671.

[41 BB T . 96 2 B v R SDRL RO AR A 2L 8 % o) ROk AT 5
[D]. db 5T« tf R 2EBE K2, 2019: 14-21. ZHAO X Y. Composi-
tions, identification and sources of macroplastic debris and microplas-
tics in coastal environments[D]. Beijing: University of Chinese Acade-
my of Sciences, 2019: 14-21.

[5] PRI, SRMRZE, 2005 . BOMEAL SR MY -+ B O S e RR AR Y
[J]. HFPEFREERL, 2021, 40(1) :1-7. CHENG JJ, GUOX J,LI'Y
F. The characteristics of microplastics pollution in Sishili bay of the
North Yellow Sea[J]. Marine Environment Science, 2021, 40(1) : 1-7.

[6] MORET-FERGUSON S, LAW K L, PROSKUROWSKI G, et al. The
size, mass and composition of plastic debris in the western North Atlan-
tic Ocean(J]. Marine Pollution Bulletin, 2010, 60(10) : 1873-1878.

(7] JEV R B AT R, Eh R0, 45 . 1 SRR G i A ARV . Wi
PR 2R, 2021, 38(5): 1040-1049.  ZHOU Y M, HE G H, MA
S F, et al. Ecological effects of microplastics contamination in soils[J].
Journal of Zhejiang A&F University, 2021, 38(5):1040-1049.

[8] JIN X, FILLEY T R. Enhanced conversion of newly—added maize straw
to soil microbial biomass C under plastic film mulching and organic
manure management|[J|. Geoderma, 2018, 313:154-162.

(9] Ff 2=, X S . A HH ) b 5 95 e K B IR D], U T PR 85, 2005, 24
(1):102-105. XIAO J, ZHAO J B. Farmland plastic film pollution

and its countermeasures[J]. Sichuan Environment, 2005, 24 (1) : 102—
105.

[10] AR, MISCIN, AREL, 55 . LSRRI b OB 5 YL IR K HL R
WA FEE L)) SR8 T RE, 2020, 38(2):16-27.  HOU J H, TAN W
B, YU H, et al. Microplastics in soil ecosystem: a review on sources,
fate and ecological impact[J]. Environmental Engineering, 2020, 38
(2):16-27.

(U] PESCH L R TI T  AKAL B A GOk i 2 A1 5 i S Bl s i
WFFCDL BT B AR B IR A = M T A 52 0T, 2019: 27 - 52.
WANG W L. Study on characteristics distribution of microplastics in
Xiamen urban wastewater and its control measures[D]. Xiamen: The
Third Marine Research Institute of the Ministry of Natural Resources,
2019:27-52.

[12] A, 521, 3K B, 45 | it Ty R AR rh e I 2 A O kL
Fo HCATU R 3 4 25 5 ()] FhAE 4, 2017, 62 (33) < 3902 - 3909.
ZHOU Q, TIAN C G, LUO Y M, et al. Various forms and deposition
fluxes of microplastics identified in the coastal urban atmosphere[J].
Science China Press, 2017, 62(33) :3902-39009.

[13] "™ 52, MRS, A SO, 45 . A TH b IRERR 7 e i1 BUR 5 B A 1]
b AR, 2006, 22(11):269-272. YAN C R, MEI X R, HE
W Q, et al. Present situation of residue pollution of mulching plastic
film and controlling measures[J]. Transactions of the Chinese Society
of Agricultural Engineering, 2006, 22(11) :269-272.

[14] HU C, LU B, GUO W S, et al. Distribution of microplastics in mulched
soil in Xinjiang, China[J]. Int J Agric & Biol Eng, 2021, 14(2) : 196~
204.

[15] YU Y X, ZHANG Z H, ZHANG Y X, et al. Abundances of agricultur-
al microplastics and their contribution to the soil organic carbon pool
in plastic film mulching fields of Xinjiang, ChinalJ]. Chemosphere,
2023:137837.

[16] LIU H, WANG X, SHI Q, et al. Microplastics in arid soils : impact of
different cropping systems ( Altay, Xinjiang)[J]. Environmental Pollu-
tion, 2022, 303:119162.

[17) EGM, #1275, THEL, 5. A5 I DA T 3 b U8R Y
WA AR [T]. 4lb T 224317, 2020, 36(3) :204-209. WANG Z C,
MENG Q, YU L H, et al. Occurrence characteristics of microplastics
in farmland soil of Hetao Irrigation District, Inner Mongolia[J]. Trans-
actions of the Chinese Society of Agricultural Engineering, 2020, 36
(3):204-209.

[18] TOMLINSON D L, WILSON J G, HARRIS C R, et al. Problems in the
assessment of heavy—metal levels in estuaries and the formation of a
pollution index[J]. Helgolnder Meeresuntersuchungen, 1980, 33 (1) :
566-575.

[19] EVERAERT G, VAN CAUWENBERGHE L, RIJCKE M D, et al.
Risk assessment of microplastics in the ocean: modelling approach
and first conclusions|J]. Environmental Pollution, 2018, 242: 1930-
1938.

[20] JE B JaL, T ABOAE, ARJFEF, S5 . AR LI — 0 FH I B Ve SR 23 A
FRAE R A PR [T]. +HE2# 4, 2018, 55(5) :1222-1232. ZHOU L
Y, JJAN M F, YU H P, et al. Distribution of microplastics and its

source in the sediments of the Le’ an River in Poyang Lake[J]. Acta

www.daes.org.an




HGEG%

VRETR Rt Y FA3EFE 3

Pedologica Sinica, 2018, 55(5):1222-1232.

(207 JA A5 . S TR i I K 30V P58 PP SO AR i e Rr A 5 2 25 XU
(D] B8 6 B2 e A 65 1 2 Al BF 52 BT, 2016:34-52. ZHOU
Q. Occurrences and ecological risks of microplastics in the typical
coastal beaches and seas[D]. Yantai: Yantai Institute of Coastal Zone,
Chinese Academy of Sciences, 2016:34-52.

[22] HUANG Y, LIU Q, JIA W, et al. Agricultural plastic mulching as a
source of microplastics in the terrestrial environment[J]|. Environmen-
tal Pollution, 2020, 260: 114096.

[23] I 247, VIR, 22, 45 . D PRI A 338 vh ORI 5 43
A [1]. 4l 3R RL 24 22 4], 2021, 40(7) : 1498-1508.  SHI X Z,
SUN L N, LI Z, et al. Composition and distribution of microplastics in
farmland soil around Shenyang[J]. Journal of Agro—Environment Sci-
ence, 2021, 40(7) : 1498-1508.

[24] MOLLER K, GEVERT T, HOLMSTROM A. Examination of a low
density polyethylene (ldpe) film after 15 years of service as an air and
water vapour barrier|J|. Polymer Degradation & Stability, 2001, 73
(1):69-74.

[25] RILLIG M C, INGRAFFIA R, DE SOUZA MACHADO A A. Micro-
plastic incorporation into soil in agroecosystems|J]. Frontiers in Plant
Science, 2017, 8:1805.

[26] W IE 22 . A =38 e SR M A 43 A 55 WER AR AR L B 0 1 AL P o
D] K&« 35 MOl K2, 2021:21-23. YANG X T. Distribu-
tion and degradation characteristics of residual film in farmland soil
and its influence on soil physical and chemical properties|D]. Chang-
chun: Jilin Agricultural University, 2021:21-23.

[27] sk . b b o (R S A K x4 s W B R A AT 5
[D]. E¥ . FHEES — Tk k2%, 2021, ZHANG Y K. Interaction
mechanism between microplastics and soil media[D]. Shanghai :
Shanghai Second University of Technology, 2021.

[28] HU C, LU B, GUO W, et al. Distribution of microplastics in mulched
soil in Xinjiang, Chinal]]. International Journal of Agricultural and

Biological Engineering, 2021, 14:196-204.

P 1%) WHARTY

[29] 5KABF- . A H - SR IORE Y 43125 B JCXT 5 Y ) 1) 0% B AR A A0 52
[D]. FBHH « AT RI A2, 2020:20-26.  ZHANG W P. Study on the sep-
aration of microplastics from farmland soil and their adsorption char-
acteristics for pollutants[D]. Zhengzhou: Henan University, 2020: 20~
26.

[30] HUANG Y, LIU Q, JIA W, et al. Agricultural plastic mulching as a
source of microplastics in the terrestrial environment|J|. Environmen-
tal Pollution, 2020, 260: 114096.

[31] FANG A, DONG J, AN Y. Distribution characteristics and pollution
assessment of soil heavy metals under different land-use types in Xu-
zhou City, China[J]. Sustainability, 2019, 11(7): 1832-1844.

[32] HUFFER T, WENIGER A K, HOFMANN T. Sorption of organic com-
pounds by aged polystyrene microplastic particles|[J]. Environmental
Pollution, 2018, 236:218-225.

[33] A i, B AE, 1 IE A, A5 o v et s A O O O R
JE AN 25 7 A 152 W (1], BRI RLSF, 2022, 43 (9) : 4748 -4755.
HAO Y L, HU Y X, BAI X X, et al. Abundances and morphology pat-
terns of microplastics under different land use types on the Loess Pla-
teau[J]. Environmental Science, 2022, 43(9) :4748-4755.

[34] FENG S S, LU H W, TIAN P P, et al. Analysis of microplastics in a re-
mote region of the Tibetan Plateau: implications for natural environ-
mental response to human activities|J]. Science of the Total Environ-
ment, 2020, 739: 140087.

[35] e, WM #, ARSI . LS mOB RS Qe BUR DR IR FRE Aivis &
ARV T EEREERR, 2021, 41(1) :353-365. YANG G R,
CHEN L R, LIN D M. Status, sources, environmental fate and ecologi-
cal consequences of microplastics pollution in soil[]]. China Environ-
mental Science, 2021, 41(1) :353-365.

[36] AL, X PR IL, s, 45 . 398 b OB T LR B AR 25 XU
BF 5T D). PR % AL 3%, 2021, 40(4) : 1100-1111. HAO A H,
ZHAO B W, ZHANG ], et al. Research progress on pollution status
and ecological risk of microplastics in soil[]]. Environmental Chemis-

try, 2021, 40(4):1100-1111.
(AT - 2 F)



